It has been previously demonstrated that the output of calibrated vaporizers is influenced by the concentration of nitrous oxide in
min -j en l'absence d'h~lium. Les donn~es ont dt~ analysdes par une rdgression lindaire multiple. La concentration d'h~lium a eu un effet sur le d~bit des vaporisateurs de tous les modkles. Aucune de ces modifications n ' a dtd cliniquement importante, car le dgbit des vaporisateurs n'a pas vari~ de plus de 10%, sauf d hauts d~bits ainsi qu'd haute concentration d'hdlium avec le vaporisateur
Anaesthetic vaporizers are designed to deliver anaesthetic concentrations which correspond to the dial setting. Ideally, vaporizer output should not vary with changes in temperature, carrier-gas flow rate, or carrier-gas composition. However, the output of vaporizers is considerably influenced by the concentration of nitrous oxide in the carrier gas. l This effect has been attributed to nitrous oxide's high solubility in liquid anaesthetics and low viscosity. 2 The low viscosity of nitrous oxide changes the flow profile through the vaporizer's flow divider.
Helium, a low density gas, has been recommended for general anaesthesia for endoscopic laser surgery 3 and in patients with respiratory obstruction. 4'5 Previous studies have concluded that some vaporizers are influenced by 16 helium., This study was performed to determine whether helium in the carrier gas affects the output of four modem calibrated vaporizers. Carder flow t = 7.28 t = -1.89 t = -12.67 t = -2.34 Rate P < 0.0001 * P = 0.061 P < 0.0001" P = 0.020 Helium t = -5.93 t = -4.57 t = -3.46 t = 7.39 Concentration P < 0.0001 * P < 0.0001" P = 0.0007* P < 0.0001" Dial setting t = 4.55 t = -4.27 t = -2.09 t = -2.61 P < 0.0001' P < 0.0001" P = 0.038 P = 0.010
from four vaporizer models: the Ohio Calibrated Enflurane, Ohio Calibrated Isoflurane, Ohmeda Isotec 4, and Dr~ger Vapor 19.1 for isoflurane. Three vaporizers of each model were tested. Helium and oxygen were metered through a standard anaesthesia machine, either an Ohio Modulus I, Ohmeda Modulus II, or North American Drager Narkomed depending on the vaporizer being tested. Gas flow rates were measured with the anaesthesia machine flowmeters. Helium was dispensed through the air channel; the air flowmeter was calibrated for helium by using an oxygen analyzer to balance helium and oxygen flows.
Prior to each experiment, the vaporizer was drained, flushed dry with oxygen, and refilled with fresh liquid anaesthetic to eliminate dissolved nitrous oxide. Anaesthetic vapour concentration and oxygen concentration were measured at the fresh gas outlet with a Datex model 254 Airway Gas Monitor which was calibrated, according to the manufacturer' s specification, prior to each experiment. Helium concentration was calculated as 100 minus measured oxygen concentration.
The respective helium concentrations and carrier-gas flow rates studied were 0, 30, 50, and 70%, and 0.5, 3, 6, and 12 L. min -l. The vaporizer dial settings were 1, 2, 3, and 4% for isoflurane vaporizers and 1, 3, 5, and 7% for enflurane vaporizers. Measurements were made when the vaporizer output was stable for 30 sec.
Some cells in the factorial design were left empty. The Ohio Calibrated vaporizers were not studied under conditions of 0% or 30% helium concentration at a flow rate of 12 L. min -! because they were mounted on Modulus I anaesthesia machines with a maximum oxygen flow of 6 L. min -I. Similarly, the Drager Vapor 19.1 vaporizers were not tested under conditions of 0% helium at 12 L" min -l since the Narkomed anaesthesia machine on which they were mounted was unable to deliver oxygen at 12 L. min -1.
The anaesthetic concentration at the fresh gas outlet, measured in volumes %, was converted to % deviation from baseline; baseline was defined as the concentration at a flow rate of 3 L. min -t and a helium concentration of zero for each vaporizer dial setting. This allowed comparison of vaporizer outputs at different vaporizer dial settings. Multiple linear regression (stepwise regression, backward elimination) was used to investigate separately the effects of helium concentration, carrier-gas flow rate, and dial setting on output concentration for each vaporizer. The analysis was performed using ABstat, version 6.03 (Anderson-Bell Corp., Parker, CO). A probability < 0.01 was accepted as significant.
Results
The results of the multiple linear regression analysis are summarized in the Table. The output of the Ohio Calibrated Isoflurane vaporizer was decreased by decreases in carrier-gas flow rate, decreases in helium concentration, and increases in dial setting. The Ohio Calibrated Enflurane vaporizer had a decreased output with increases in helium concentration and dial setting. None of these changes was clinically important since output varied by less than ---5% of baseline under all conditions (Figure) .
Carrier-gas flow rate and helium concentration influenced the output of the Ohmeda Isotec 4 (Table) . Overall, vapour output from the Isotec 4 decreased with increases in flow rate and increases in helium concentration. There was also an interaction between carrier-gas flow rate and helium concentration: output increased with increases in helium concentration at 0.5 and 3 L. min -l, but decreased with increases in helium concentration at 6 and 12 L. min -l. This effect was only clinically important at flow rates of 12 L. min -1 where concentrations of 70% helium resulted in a 17% reduction in output from baseline ( Figure) .
The anaesthetic output of the Driiger Vapor 19.1 was only influenced by helium concentration (Table) . Increas- ing the helium concentration caused a clinically unimportant increase in the vaporizer output (Figure) .
Discussion
Helium has been advocated for use in laser surgery and for patients with respiratory obstruction. Its high thermal conductivity decreases the risk of endotracheal tube ignition by carbon dioxide laser light) When turbulent flow exists, such as during respiratory obstruction, its low density improves pulmonary ventilation. 4'5 It is important to know whether helium affects vaporizer output because vapour concentration cannot be monitored with clinical mass spectrometers if helium is used. Helium interferes with mass spectrometers and causes an artificial increase in the measured concentration of all gases, including volatile anaesthetics, s Therefore, respiratory gas monitoring may not be possible, unless alternative analyzers (e.g., infrared or raman spectroscopy) are available. This is not the first study of the influence of helium on vaporizer output. However, previous studies were done on vaporizers which are no longer being manufactured. Helium decreased the output of the Cyprane Fluotec Mark II, the first common concentration-calibrated vaporizer. 6'9 It did not cause a clinically important change in the output of the Dr~iger Vapor or Cyprane Tec 3, predecessors of the Dr~iger Vapor 19.1 and Ohmeda Isotec 4, respectively) One of the vaporizers that we studied, the Ohio Calibrated Enflurane vaporizer has been previously studied. 6 Helium did not affect its output except at high dial settings.
The carrier-gas flow rate and vaporizer dial setting could modulate any effect of helium on vaporizer output. Calibrated vaporizers split the carrier-gas flow into two streams. One is diverted into the vaporizer chamber and the other into the bypass channel. The proportion of gas going into each stream, and thus the vaporizer output concentration, depends on the resistance through each channel. Resistance is a function of gas viscosity during laminar flow and gas density during turbulent flow. Whether flow is turbulent or laminar depends in part on the ratio of flow rate to channel diameter and these are affected by carrier-gas flow rate and vaporizer dial setting, respectively.
We studied the effect of helium on the output of four modern vaporizers over a range of flow rates and dial settings. Fresh anaesthetic liquid was used to prevent artifact due to dissolved nitrous oxide coming out of solution. We did not measure the temperature of the anaesthetic liquid, which could affect the vaporizer output as it cools during vaporization. However, the order of flow rates was randomized so that any temperature effect would be distributed over all of the measurements.
We conclude that helium causes statistically significant but clinically negligible effects. The output decreases in the Ohio Calibrated and Ohmeda Tec 4 vaporizers and increases in the Dr/iger Vapor 19.1 vaporizers. The changes are within • 10% of baseline, except in the Isotec 4 which had a 17% decrease in output at high flow rates and high helium concentrations. This variability is within the specified accuracy of each vaporizer I~ and is comparable to the variability in output which occurs due to carrier-gas flow rate, dial setting, and temperature. These four vaporizers can be used safely with helium.
